Splenic B cells from normal and autoimmune mice were transferred to MHC-compatible xid recipients. Monoclonal antibodies were secreted by the transferred B cells in splenic fragment cultures. These antibodies were evaluated for reactivity and cross-readtivity against a panel of six autoantdgens and two conventional antigens using an ELISA assay. The autoantibodies and conventional antibodits produced in splenic fragment cultures by normal DBA/2 and autoimmune NZB B cells expressed similar degrees of antigenic cross-reactivity.
Introduction
Systemic lupus erythematosus (SLE) in humans and animals is characterized by the presence of elevated levels of serum antibodies reactive with a variety of self-antigens, including cell membrane molecules, cytoplasmic proteins, and nuclear determinants (1, 2) . Two secreting highly cross-reactive autoantibodies (6) (7) (8) (9) , (b) detection of cross-reactive autoantibodies in the serum of autoimmune animals (10) , (c) preferential utilization of 3' IgVh region genes by autoantibody-producing hybridomas (5) and (d) identification of Ly 1 + B cells and determining that they contribute disproportionately to the production of autoantibodies (3, 4) . In contrast, it has also been demonstrated that autoantibodies are similar to conventional antibodies, in that both (a) undergo isotype and affinity maturation (11) (12) (13) , (b) arise from a variety of IgVh region genes (14) , (c) are acted upon by somatic mutation (15) and (d) are expressed at equivalent frequencies in the repertoires of normal and autoimmune mice ( 16) .
We recently demonstrated that natural autoantibodies could be analyzed at the clonal level using a splenic fragment transfer system (17, 18) . B cells from normal DBA/2 and autoimmune NZB mice were transferred to MHC-compatible xid recipients where they engrafted and proliferated (17, 18) . Native B cells of the xid recipient did not produce detectable levels of autoantibody due to the effect of the X-linked immunodeficiency gene on endogenous B cell function. A sensitive ELISA assay facilitated the detection of antibodies produced by donor B cells in fragment cultures. Previous work indicated that antibodies with an affinity of 5 X 106 M-I or greater could be detected in such a system (19) . The antibodies present in these culture supernatants were monoclonal, as demonstrated by their expression of a single Ig heavy and light chain isotype (17) (18) (19) (20) (21) (22) (23) .
In this report, limiting numbers of donor B cells were transferred to xid recipients and the degree of cross-reactivity of the monoclonal antibodies produced by such cells exam- ined. Over 1200 splenic fragment supernatants were analyzed for reactivity against a large panel of autoantigens and conventional antigens. Findings from these studies were cbrrelated to observations made using hybridoma antibody panels. Our results indicate that antibodies produced by B cells from autoimmune NZB mice were not more cross-reactive than those from normal DBA/2 mice, and that autoantibodies were not significantly more cross-reactive than antibodies of conventional antigenic specificity.
Methods
Animals. DBA/2 mice were obtained from The Jackson Laboratory, Bar Harbor, ME, while NZB and (DBA/2.xid/xid X NZB.xid)Fl (hereafter F1. xid) mice were bred and raised in our animal colony.
Females from 4 to 6 mo of age were used in all experiments. Sera from donors and recipients were tested for total Ig and autoantibody levels before use. Total antibody levels in F. * xid and DBA/2 mice were at least 15 times lower than those in NZB mice.
Splenic fragment culture system. The methodology for in vitro B cell cloning has been described previously (17) (18) (19) (20) (21) (22) . Briefly, a single cell suspension made from the spleens of two to four donor mice was treated twice with anti-Thy 1.2 plus complement (resulting in < 2% T ventional antigens (TNP-KLH and ovalbumin) as described (16) (17) (18) 24) . For the anti-DNA assay, Immulon I microtiter plates were coated with 10 ug/ml methylated bovine gamma-globulin to which was adsorbed heat-denatured single-stranded DNA (10 ,g/ml). The specific recognition of DNA by antibodies in culture supernatants was detected using phosphatase-labeled goat antibody to total mouse Ig (Kirkegaard-Perry, Bethesda, MD [17] ). The anti-T cell and anti-BrMRBC assays were similar, except that glutaraldehyde-fixed cells were used to coat the Immulon plates. Assays for protein antigens involved the direct adsorption of antigens (2-10 ,ug/ml in carbonate buffer, pH 9.5) onto the microtiter plates, which were then used to detect the presence of antigen-reactive antibodies, as above (5).
In all assays, a fragment supernatant was scored as positive if the concentration of specific antibodies was more than three standard deviations above the mean of similarly cultured splenic fragments from unmanipulated F. * xid mice. When xid or B cell depleted spleen cells were transferred to F. * xid recipients, < 1% of splenic fragments scored positive for autoantibody production under identical conditions.
Hybridoma antibodies. Four panels of hybridoma antibodies were utilized in this work. The methodology for their production and cloning has been described elsewhere in detail (5, 25) .
Statistical analysis. The observed distribution of antibodies was compared with the expected distribution (which assumed independence) using chi-square analysis. Pairs of relative frequencies were compared using the Fisher exact test (26) , while multiple comparisons of means were carried out using the Scheffe test (27).
1. Abbreviations used in this paper: BrMRBC, bromelain-treated mouse red blood cells; C.R., cross reactivity; Ags, antigens; myo, myosin; act, actin; trans, transferrin, ova, ovalbumin.
Results
Low-affinity cross-reactions involving hybridoma antibodies. To establish that our assay system could detect and differentiate between B cell clones producing mono-reactive and cross-reactive antibodies, a panel of monoclonal autoantibodies of known specificity was examined. Our ELISA assay detected the cross-reactive members ofthis panel as readily as did the original screening technique (Table I) . Members of the antibody panel (selected at random) were grown in microtiter plates and analyzed under conditions identical to those used in the splenic fragment assay system. The reactivity and cross-reactivity of these monoclonal antibodies with antigens used in this study was determined with 97% accuracy. In addition to the hybridomas shown in Table I , results from 27 more are included in Table VI. We further verified the specificity of our ELISA assays using a panel of monoclonal antibodies kindly provided by Dr. C. Bona (5, 25) . Following the method of Monestier et al., cross-reactivity was studied using antibody concentrations of 3-10 ug/ml. Such high concentrations of antibody permitted the detection of antigen-antibody interactions with affinities as low as 2 X 104 M' (25) . Cross-reactivity was detected in half of the autoantibodies studied by this method (see Table I ).
A panel of hybridoma antibodies specific for the non-autoantigen phosphorylcholine (kind gift of Dr. P. Gearhart [28] ) was then analyzed. Under conditions identical to those used above, 44% of these antibodies reacted with two or more members of the antigen panel (Table II) . Thus, cross-reactivity was common among hybridoma antibodies specific for conventional antigens as well as autoantigens when tested at high antibody concentrations.
Antibodies produced by B cellsfrom autoimmune NZB and normal DBA/2 mice show similar degrees of cross-reactivity. Antibodies produced by hybridomas may not reflect the normal B cell repertoire (29) . Moreover, hybridoma panels generated under one set of conditions in one laboratory may differ from those generated under different conditions in another laboratory. We therefore used the splenic fragment transfer system to study the specificity and cross-reactivity of monoclonal antibodies derived from different types of donor B cells raised under identical conditions. Limiting numbers of B cells (25) (Table III) . Culture supernatants of fragments that contained donor cells were analyzed for the presence of antibodies specific for the autoantigens DNA, BrMRBC or T cell surface determinants. In some cases, supernatants contained antibodies reactive with more than one antigen (Fig. 1) Natural autoantibodies and conventional antibodies show similar degrees of cross-reactivity. We analyzed whether autoantibody-containing supernatants reacted with additional autoantigens more frequently than supernatants containing antibodies of conventional antigenic specificity. 25.8% of supernatants reactive with the conventional antigens ovalbumin or TNP-KLH also reacted with at least one additional antigen. 22 .5% of supernatants reactive only with autoantigens bound to an additional autoantigen. Statistical analysis of these findings, and of individual experiments in which DBA/2 and NZB B cells were transferred to NZB * xid or DBA/2 * xid recipients (Fig. 3) , yielded similar results: there was no significant difference in the cross-reactivity of autoantibodies when compared to antibodies of conventional antigenic specificity.
To investigate whether antibodies which bound to particu- (Table V) . Moreover, antibodies specific for particular autoantigens (such as DNA) were no more cross-reactive than antibodies that bound to other antigens.
Discussion
The cross-reactivity of naturally occurring autoantibodies was studied using a splenic fragment culture system and sensitive ELISA assays. Antibodies produced by normal DBA/2 and autoimmune NZB B cells exhibited similar degrees of antigenic cross-reactivity when raised under identical conditions. Furthermore, the autoantibodies secreted by NZB B cells were no more cross-reactive than the conventional antibodies produced by normal DBA/2 B cells. In studies of low-affinity cross-reactions involving hybridoma cell lines, we again found that autoantibodies and conventional antibodies exhibited similar degrees of cross-reactivity. We have previously demonstrated that antibodies pro- .,I ., .,.L .,I .,I ., Figure 3 . Supernatants containing "conventional" antibodies and those containing autoantibodies from the experiment describe in Fig.  2 were analyzed for their ability to bind to an additional antigen. Among these two populations, the proportion of supernatants reactive with more than one antigen was equivalent.
MAurine Autoantibodies and Conventional Antibodies and Cross-reactivity 655 Tables III and IV , -10% (5-13/96) of the splenic fragment supernatants reacted with two or more antigens. Approximately 35% of these multiply-reactive supernatants resulted from the seeding of two or more donor lymphocytes into a single splenic fragment. This conclusion was reached on the following evidence: (a) in detailed studies of multiply-reactive culture supernatants, 35% of the antibodies binding to one antigen were of a different heavy or light chain isotype, or present at a different concentration, than antibodies from the same supernatant which bound to another antigen (Table III  legend and (17)), and (b) this probability (35%) oftwo donor B cells seeding a single fragment was consistent with the frequency predicted by Poisson analysis of the number of transferred B cells.
There was a marked difference in the amount ofcross-reactivity among monoclonal antibodies raised in splenic fragment cultures when compared to monoclonal hybridoma antibodies as detected in our assays and those from other laboratories (Table VI) . Such disparate results reflect differences in how these antibodies were generated and the affinity of the interactions involved. Antibodies produced in short-term splenic fragment cultures mirror the repertoire of B cells normally expressed by donor mice (16) (17) (18) (19) (20) (21) (22) . Hybridomas arise from the fusion ofdonor B cells in a very specific stage of activation and differentiation. Thus, hybridomas may not reflect the normal immune repertoire (29) .
It is also possible that the large amounts of Ig produced by hybridomas facilitate the detection of low-affinity antigen-antibody complexes. In To detect low-affinity interactions (l10 M`or less), antibodies concentrated to 10 ,ug/ml must be used. Splenic frag- (8) . (D) Nine monoclonal autoantibodies generated from patients with autoimmune diseases gave this distribution when assayed as in C above (8) . (E) 24 monoclonal anti-DNA antibodies, generated from six patients with SLE, gave this distribution when tested for cross-reactivity against three other autoantigens (9). [19] ). The utility of the fragment culture system for this purpose was demonstrated by its ability to detect the antigenic cross-reactivity of hemagglutinin proteins expressed by influenza viruses (22) and the idiotypic cross-reactivity of antiphosphorylcholine responses (21) . Our data support the intuitive expectation that antibody cross-reactivity increases as the affinity of the interactions examined decreases. More important, we found that autoantibodies and conventional antibodies express similar degrees of antigenic cross-reactivity when analyzed under similar conditions. Such a result is consistent with previous findings from our laboratory, which indicated that B cells which produced autoantibodies had functional properties similar to those of B cells that produced antibodies of conventional antigenic specificity. Taken together, these data suggest that a common pool of B cells may be responsible for the production of both autoantibodies and conventional antibodies.
